A 350-kilodalton serotype outer membrane complex containing the class 1, 3, and 4 outer membrane proteins was isolated from serogroup A Neisseria meningitidis. Partial denaturation yielded two serotype subcomplexes containing the class 3 and 1 proteins (85 kilodaltons) and the class 3 and 4 proteins (94 kilodaltons), respectively.
Neisseria meningitidis serogroups, based on the capsular polysaccharide, can be divided into serotypes and serosubtypes based on noncapsular outer membrane components (9) . Serotyping reflects the serological specificity of the serotype antigen, whose primary component is the class 2/3 protein (8) , and attempts are under way to generate a complete and definitive set of serotyping monoclonal antibodies (MAbs) (2) . However, the molecular structure of the serotype antigen remains poorly defined (20, 21) . Furthermore, some serotyping reagents react with the serotype antigen but only weakly with denatured class 2/3 protein (15, 19, 24) . Both the class 1 and class 2/3 outer membrane proteins share sequence homology with the P.I porin protein of Neisseria gonorrhoeae (4, 16) . The P.1 protein has been purified (5, 12) , as has the class 3 protein (20) . In both cases, purification followed detergent extraction at low pHs; as shown below, such extractions destroy the serotype antigen complex.
All experiments were performed with a Gambian isolate of N. meningitidis clone IV-1 serogroup A (strain C623 [6] [7] ; buffers and other conditions were as described previously [3] ), followed by Western immunoblotting to Durapore membranes in Tris-glycine buffer [3] . The membranes were reacted with three serotyping MAbs: MN14G21.17 (type 4) (1), 14-1-21 (type 21) (from W. Zollinger, WRAIR, Washington, D.C.), and B2C9. B2C9 is a bactericidal MAb isolated after immunization (1) of BALB/c mice with serogroup A strain B40 (17) ; it reacts with serogroup A and B strains of serotype 4 or 21 and with some serogroup B strains of serotype 14 or 17. All three MAbs reacted predominantly with a broad region migrating at 85 to 160 kilodaltons (kDa) and to a lesser extent with monomeric class 3 protein (35 kDa), similar to published results (18) . When samples were boiled for 2 min before SDS-PAGE, all reactive material comigrated with the monomeric form. These results depended on the particular gel system and solubilization buffer used, because other systems gave poor transfer of larger molecules, leading to an underestimate of the concentration of high-molecular-weight complex. When Zw was replaced by SDS in the solubilization buffer, poor reactivity with the MAbs was observed. All subsequent SDS-PAGE analyses were performed under these conditions; column fractions were precipitated with 80% ethanol and suspended in the above Zw buffer before electrophoresis. The high-molecular-weight material was sensitive to a pH of 11.0 or c 5.6; exposure to these pH conditions led to complete loss of the high-molecular-weight complex with a concomitant increase in the concentration of monomeric class 3 protein. Similar results were obtained when Coomassie blue staining was used; visual examination of the gels and comparison of otherwise identical samples before and after boiling revealed that the majority of the class 3 protein was in the high-molecular-weight form. We attempted to obtain a differential extraction of the serotype complex by using other detergents (Triton X-100, ,-octylglucoside, Octyl-polyoxyethylene, sodium deoxycholate, Sarkosyl NL97, Empigen BB), but extraction at neutral pH in the above buffer system always yielded a complex mixture of all cell membrane components, and Zw 3-14 was as efficient as any other detergent in releasing serotype-reactive material predominantly in the high-molecular-weight complex form.
The following purification scheme yielded small amounts of purified high-molecular-weight complex. Details of techniques were as described previously [3] . Samples of 20 g (wet weight) of bacteria were suspended in 80 ml of Zw buffer (5% Zw 3-14, 50 mM Tris [pH 8.4]) containing 10 mM 2,3-dimercaptopropanol. After low-speed centrifugation, the supernatant of a 20% ethanol precipitation was precipitated with 80% ethanol (3) and suspended in 80 ml of Zw buffer. Anionic chromatography was performed by using a 0 to 500 mM NaCl salt gradient in running buffer (0.5% Zw, 25 mM Tris [pH 8.4], 5 mM EDTA) and a fast-protein liquid chromatography system (Pharmacia, Uppsala, Sweden). A broad peak eluting between 200 and 480 mM NaCl from Q Sepharose Fast Flow (Pharmacia; 10 cm by 1-cm diameter; loading, 2 ml/min; elution, 4 ml/min) was pooled, precipitated with 80% ethanol, and suspended in Zw buffer. exchange columns, this peak may not be representative of the majority of the cellular class 3 protein. However, this step removed material that interfered with fast-protein liquid chromatography, the pooled class 3 protein fraction migrated almost exclusively as a high-molecular-weight form on SDS-PAGE, and no other peaks reacted with MAb B2C9 by Western blotting. The sample material was applied to a MonoQ HR 10/10 column (Pharmacia; loading, 1 ml/min; elution, 2 ml/min). The sole material that reacted with B2C9 eluted as a single sharp peak at 425 mM NaCl. The peak was precipitated, suspended in running buffer (as above but pH 7.2), and chromatographed on the same column. The main peak at 395 mM NaCl was precipitated and suspended in running buffer (as above [pH 8.4 ] with 500 mM NaCl) and subjected to gel filtration with Pharmacia Superose 6 (50 cm by 1.6-cm diameter, 0.3 ml/min). The main peak at an apparent molecular weight of 350,000 (after subtracting the Zw micellar molecular weight of 30,000 [13] ) contained 0.5 mg of protein.
When boiled samples were subjected to SDS-PAGE, at least 80% of the Coomassie-stained material comigrated with the class 3 protein (35.5 kDa), but minor amounts of the class 1 protein (41 kDa) and the class 4 protein (33,500 apparent molecular weight; 23,500 according to DNA sequence [14] ) were detected (Fig. 1) . Samples incubated at temperatures below 70°C gave bands migrating at 85 kDa (major band) and 94 kDa (minor band). There was no detectable Western blotting reaction with heated or unheated preparations with MAbs directed against lipopolysaccharide, pili, class 5 outer membrane proteins, the H.8 protein, or a 45-kDa protein (22) . In contrast (Fig. 2) , the 85-kDa band reacted strongly with the 3 serotyping anti-class 3 MAbs and with MAb SM50 specific for the class 4 protein (23), whereas the 94-kDa band reacted with the serotyping reagents and with MAb A'dam 1 specific for the class 1 protein (2). containing two monomers of the class 3 protein and one monomer of the class 4 protein (85 kDa) or class 1 protein (94 kDa), respectively. The 9-to 18-kDa discrepancy between the apparent molecular masses and the arithmetic sum of the monomer molecular masses might reflect conformational effects. The structure of the 350-kDa form, which decays on SDS-PAGE to give these subcomplexes, might represent a dodecamer.
These results seem to contradict conclusions reached with purified homotrimer porins from N. gonorrhoeae (5) or members of the family Enterobacteraceae (10). However, the existence of heterotrimers has recently been documented for Escherichia coli (11) . Most meningococcal porins might be in homotrimers not isolated by the techniques used here. Furthermore, it is conceivable that the formation of heterotrimers first occurred upon solubilization of the cells and represents an isolation artifact. However, the enterobacterial porin trimer is much more resistant to SDS and pH than the neisserial equivalent (data not shown), and the ease of isolation of homotrimers from members of the Enterobacteriaceae may have obscured the existence of more labile dodecamers. Alternatively, the functional unit of neisserial porins may differ from that of members of the Enterobactereaceae. Certainly, their outer membrane structure differs: the classical lipoprotein link between the outer membrane and the murein is lacking in neisseriae, and the basic structure of neisserial lipopolysaccharide differs from that of enterobacteria as well. Finally, if the yield were improved, the complex described here might be a more defined source of serotype antigen than formerly available and might thereby help improve meningococcal serotyping schemes and the development of improved vaccines.
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